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The  s\irface  of  the  ocean  has  a dual  role  in  the  research  and  development 
proKLems  of  the  Navy  Electronics  Laboratory^  In  most  naval  problems  it  is 
the  lovfer  boundary  for  electromagnetic  radiation  and  the  upper  boundary  when 
one  is  concerned  vd.th  undexo^ater  acoustics.  It  is  natural,  therefore,  as 
the  theories  of  propagation  advance  an  interest  arises  as  to  the  detailed 
character  of  the  sea  surface  and  the  means  of  describing  it  mathematically. 
Interestingly,  or  perhaps  not  to  the  better  informed,  the  wave  lengths  of 
electromagnetic  radiation  in  air  from  10  to  3000  megacycles  are  nearly  the 
same  as  those  of  underwater  sound  of  frequencies  from  50  cycles  to  24  Kc. 

Thus  the  information  which  is  useful  for  the  one  case  is  probably  applicable 
in  the  other. 

This  bibliography  and  brief  literature  survey  was  undertaken,  specifically, 
to  furnish  information  regarding  the  surface  of  the  ocean,  which  could  be 
used  in  the  theory  of  reflection  and  scattering  of  electromagnetic  radiation 
from  the  sea  surface.  It  does  not  protend  to  be  a complete  bibliography 
on  ocean  waves.  Neither  is  it  limited  to  the  most  recently  published  and 
accepted  ideas.  Research  in  ocean  surface  waves  is  a relatively  new  field, 
having  received  little  impetus  until  World  War  II.  Even  at  the  present 
time  deep  sea  observational  data  are  insufficient  for  checking  the  latest 
theories  on  characteristics  of  ocean  waves. ^Thus  it  seems  that  a brief 
historical  review  of  research  in  ocean  waves  may  be  of  value  to  the 
independent  researcher  as  well  as  a summary  of  the  latest  restilts. 
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The  bibliography  is  lindted  primarily  to  those  publications  which 
would  have  a bearing  on  the  reflection,  scattering,  and  absorption  of 
radiation  (electromagnetic  or  acoustic)  impinging  upon  the  surface. 
References  to  many  fields  of  application  of  ocean  waves  have  been  omitted, 
such  as. 

Forces  of  waves  on  structures 

Internal  waves  in  the  ocean 

Wave  data  derived  from  hindcasting  techniques 

Relation  of  wave  action  and.  microseisms 

Transformation  of  waves  from  deep  to  shallow  water,  breaking 
waves,  and  other  shoreline  processes 
Long  period  waves-tides,  seiches,  momentum  waves, 

Engineering  of  vave  recorders 
Ship  waves  and  wave  resistance 

Included  in  the  bibliography  are  a few  references,  mainly  observational, 
bearing  upon  the  relation  between  sea  states  and  ijnderwater  acoustic 
propagation.  Conversely,  there  are  none  relating  sea  states  to  electro- 
magnetic proj».gation,  partially  because  apparently  few  exist,  but  mainly 
because  unfamiliarity  with  electromagnetic  theory  leaves  one  with  a feeling 
of  inadequacy  for  sifting  and  selecting  pertinent  information. 

. SEy\  AND  SV.TSLL 

"Sea”  and  "swell"  are  very  broad  terras  used  to  differentiate  between 
two  general  wave  conditions,  and  the  distinction  should  be  noted  at  this 
time.  "Sea"  is  used  to  describe  waves  resulting  from  the  direct  influence 
of  the  local  winds.  If  the  wind  is  low  these  may  be  only  small  wavelets 
as  seen  in  a protected  bay,  but  at  higher  wind  speeds  the  waves  become 
noticeably  Irregular.  Vhite  caps  appear  (at  winds  over  Beaufort  Force  4), 
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hoists  vary  rapidly,  the  distance  between  crests  is  short,  a single  crest 
cannot  be  followed  parallel  to  the  coast  more  than  a few  wavelengths  (short 
cirestedness) , and  waves  do  not  appear  to  be  traveling  in  just  one  direction 
but  up  to  relatively  large  angles  about  a mean  direction. 

As  the  waves  travel  away  from  the  generating  area  through  a region  of 
relative  calm,  they  take  on  a more  regular  appearance,  which  is  termed  "swell” 
and  is  irtuch  more  familiar  to  coastal  residents  of  Southern  California.  With 
distance  from  the  storm  the  waves  appear  to  become  longer  and  lower,  and 
the  heights  do  not  vary  rapidly,  one  wave  closely  resembling  the  next, 
Whitecaps  are  not  a characteristic  of  swells 

Assuming  an  adequate  knowledge  of  ocean  v;aves,  it  is  seen  that  swell 
can  be  predicted,  or  extranolated,  from  known  sea  conditions.  In  establishing 
characteristics  of  the  sea  surface  from  easily  obsorved  parameters,  we  are 
therefore  interested  in  the  relation  between  wind  and  sea.  The  discussion 
to  follow  will  pertain  generally  to  the  establishment  of  the  characteristics 
of  "sea"  except  as  noted. 

WAVTC  RESSARCH  THOUGH  l.'ORLD  V.AR  II 

Classical  studies  of  ocean  waves  are  due  primarily  to  Airy,  Stokes,  and 
Gerstner.  Solutions  to  the  wave  ecuition  were  found  for  various  tyjaes  of 
waves,  such  as,  infinitely  low  waves,  waves  of  finite  height,  irrotational, 
and  rotational,  all  involving  a surface  boundary  condition  of  a simplified 
wave  pattern  of  infinitely  long -crested  oscillatory  waves.  Details  are 
to  bo  found  in  Lairfj’s  HYDRODYNAMICS  and  a summary  of  the  theories  of 
oscillatory  waves  was  published  by  the  War  Department,  Beach  Erosion 
iloard  (Reference  11)  at  the  beginning  of  World  '..'ar  II. 

Early  visual  observations  of  sea  state  were  reported  by  one  of  two 
very  crude  coding  systems  numbering  from  zero  to  nine.  The  first  system 
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combined  lengths  of  short,  average,  or  long  with  a height  description  of 
low,  medium,  or  hi^,  e.g.  hi^  swell  average.  The  second  scale  vhich 
is  still  widely  used  classifies  the  waves  according  to  hei^t  ranges.  The 
inadequacy  of  this  type  of  observ  ition  for  detailed  analytical  work  is 
apparent . 

A notable  exception  to  the  subjective  observations  was  the  work  of 
German  scientists  in  making  stereophotographs  of  the  sea  surface.  The 
thirty  plates  due  to  Schumacher  (Reference  42)  showing  contours  of  height 
at  one-half  meter  intervals  over  an  area  about  150  by  250  meters  is  one 
of  the  notable  early  contributions  in  presenting  "3-0"  data  on  the  ocean 
surface.  Ten  platos  were  taken  later  by  Weinblxim  and  EOLock  (Reference  43) 
using  Schumacher's  equipment.  One  plate  from  this  paper  is  reproduced 
in  figure  1,  From  tViis  it  is  easy  to  recognize  the  scope  of  the  problem  of 
characterizing  the  sea  surface. 

During  World  War  II  wave  research  received  a large  impetus  because 
of  the  problems  of  mine  warfare  and  amphibious  landings.  The  research  into 
the  whole  field  of  ocean  waves  from  generation  by  wind,  through  oropagation, 
to  transformation  and  breaking  in  shallow  water  culminated  in  the  Sverdrup- 
Hunk  procedures  for  forecasting  sea,  swell,  breakers  and  surf  (Reference  9» 
53,  54,  57).  Here  the  concept  of  "significant  waves"  was  adopted*  The 
"significant  height  and  period"  ware  defined  as  the  average  height  and  period 
of  the  one-third  highest  waves,  and  were  those  waves  which  an  observer 
tended  to  record.  Imperical  relationships  were  established  between  the 
significant  wave  and  wind  speed,  duration  time  of  the  wind,  length  of 
generating  area  (fetch),  distance  from  stom,  travel  tiros,  and  decrease 
in  wave  height  during  travel  for  the  purpose  of  forecasting  sea,  swell, 
breakers,  and  surf  conditions. 
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Althou^  it  is  recognized  as  insufficient  in  itself,  the  "significant 
wave"  is  still  used  as  one  of  the  parameters  to  describe  waves,  along  with 
other  averages,  such  as,  the  a'/erage  of  the  highest  one-tenth  waves, 
especially  in  dealing  with  operational  problenis„  The  use  of  the  above 
procedures  and  the  attempts  to  refine  them,  with  the  aid  of  studies  from 
the  field  of  random  noise,  have  led  to  the  presently  accepted  concepts  and 
methods  of  characterizing  the  sea  surface, 

CURRRKT  WAVE  RESEARCH  (POST  1%9) 

It  is  only  within  the  past  several  years  that  methods  of  measurement 
and  analyses  for  describing  the  surface  have  accounted  for  its  great 
variability.  It  is  nov/  agreed  that  at  least  two  other  parameters  besides 
some  average  of  wave  height  and  period  are  necessary  to  describe  the 
sm*face  of  the  sea.  The  first  is  the  froquency  distribution  of  wave 
heights  v/ithin  a time  sample  and  the  second  is  the  wave  snectinim,  energj' 
distribution  versus  frequency  (most  often  expressed  as  period  in  wave 
studies) . Oth»r  properties  of  waves  that  have  yet  to  be  investigated  fully 
are  the  slope,  curvature,  and  beam  width  (direction;ility) . 

Under  a given  wind  condition,  when  the  time  record  of  the  sea  stirface 
at  a fixed  point  is  analj  zed,  it  is  found  (1)  there  exist  t)oth  a frequency 
distribution  of  wave  heights  and  a continuous  spectrum  of  periods  and  (2) 
there  is  no  unique  relationship  between  the  height  and  period  (or  wave 
length) . 

Distribution  of  wave  heights. 

Longuet-Higgins  (Reference  5)  has  investigated  analytically  the  case 
of  a single  narrow  freouency  band  of  waves  assumed  to  have  originated  at 


many  places  over  a wide  area  and  having  random  phase,  so  that  the  protebility 
distribution  of  wave  amplitudes  can  be  given  by  the  Rayleigh  "random  walk" 
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distritirtirn. 


Average  arolitudes  for  various  >'ioh  fracViors  of  the  total 


number  of  vaves  are  exr.'ressei  by 


r 


Eq.  (1) 


vAiere  a.  nici  ampli  tude 

p proport io-i  of  a* 3 v/hich  exceed  r 

value  of  all.  .vaves  of  amplitude  , [greater  than  7 
A grai-^  of  versus  p is  shoivn  in  fi^re  2. 

Althouj^  derivid  foi-  a sir.gle  narrow  frequency  hand,  the  ratios  found 
by  Longuet-Hig^ins  .greo  fairly  well  with  these  obtain^id  from  observed  wave 
records,  which  are  certainly  not  limited  to  cases  meeting  these  restrictions. 
SoiT'C  of  these  are  c-<mpared  in  Table  I.  Probably  the  moat  satisfactory 
compai-ison  vrith  tiie  theoretical  values  is  obtained  wtien  the  waves  originate 
from  a single  distant  stemn. 

!lotc  in  si.uatinn  (l)  that  as  p approaches  sero  ^ approaches 
infinity  logaritlimin  -lly,  so  that  "for  the  valid^tty  of  this  result  it  is 
essential,  that  the  ;amplo  containing  p/V  ;*ive  amplitudes  shall  not  bo  tor 
3nall."  (N  bein."  the  total  n m.ber  of  waves  in  the  record).  The  lelation- 
shLp  of  the  ex'^cted  naxiimun  amplitude  and  most  probable  maximum  amplitude 
to  the  rns  amolitndj  is  treated  further  by  I.onguet-Higgins,  with  special 
reference  to  ship  rott  on. 

F'ecause  other  measures  of  wa-me  height  may  be  rel.iably  related  to  the 
rms  amplitude  the  problem  of  forecasting  the  sea  condition  becomes  a problem 
of  relating  tliis  pa.^ameter  to  the  wjjKl  speed,  duration  time,  and  fetch. 
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TABLE  I 


CoD^)ari3on  of  Analytical  and  Observed*  Wav©  Amplitude  Averages. 


Author 

Source 

Longuet-Higgins  (1952)  Analytical 

Ref.  5 

(Also  Swann  and  Barber  (1950) 

Ref.  10) 

1,77 

1.27 

1.60 

Seiwell  (1948)  Ref.  20 

Bermuda  and  Cuttyhunk 

1.57 

Wiegel  (1949),  Ref.  23 

Pt,  Sur,  Calif,  1.85 
Hecate  Hoad,  Ore,  1.91 
Pt.  Arguello,  Califcl,85 
Average  1.8? 
Range  of  Individual 

Values  i 20;^ 

1.27 

1.30 

1.30 

1.29 

±10? 

Johnson  (1950)  Ref.  15 

Abbott's  Lagoon 

1,25 

Darbyshire  (1952)  Ref,  27 

Pendeen  and  Perranporth, 
England  1,49 

1.61 

0.886 


0.83 


Putz  (1952)  Ref,  32 


Average  for  2^  records***  1.62 

Riir^e  in  2^  i'ecords  1.50-1.83 


*0bserved  data  are  from  pressure  records  coiTected  for  depth  of  recorder. 

luS 

= Maximum  amplitude,  = average  amplitude  of  highest  one-tenth, 
cl^=.  average  amplitude  of  highest  one-third,  average  amplitude, 

a.  = nns  amplitude. 

***Records  from  Oceanside,  C lifomia  (4);  Pt.  Sur,  California  (15); 
Hecate  Head,  Ore.  (2);  Guam,  M.l.  (3);  Pt.  Argue3.1o  (1). 
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Wave  Spectrum 


Periodogram  analyses  of  wave  records,  first  initiated  by  the  British 
in  1945  (Reference  34),  indicate  that  ocean  waves  from  a single  source 
area  can  be  considered  as  hairing  a continuous  fre<:uency  spectrum  ’^th  a 
single  maxiinuin.  A spectrum  analysis  of  waves  with  both  swell  and  a local 
\vlnd  sea  present  is  more  complex  and  maj’’  show  a double  energy  maximum,  see 
figure  3*  The  continuous  spectmm  is  considered  to  be  the  resultant  of 
the  generation  at  different  points  in  the  storm  area  of  a large  number  of 
small  waves  of  random  phase. 

For  predicting  wind  waves  Neumann  (Reference  6)  using  visually  observed 
data  and  dimen;  ional  considerations  has  proposed  a spectrum  of  waves  for  a 
fiilly  developed  sea,  as  follows 


W'n  = - C<^nit  ■ )}  ■ 


V 


J. 


Eq.  (2) 


•inhere  W()=the  relative  energy  distribution 
V - frequency 
V'  = wind  velocity 

The  Neumann  wave  spectrum  is  shown  in  figure  4 for  three  different  wind 
speeds. 

T’.v.  oroperties  of  the  Neumann  spectrum  should  be  noted,  (l)  the 
product  of  the  frequency  of  the  energy  raajLimum,  max,  and  the  wind 
velocity  is  a constant 


Eq.  (3) 


e 


and  (2)  by  integration  "the  total  energy  accumulated  in  the  composite  wave 
motion  of  a f\illy  arisen  sea  increases  in  proportion  to  the  fifth  power  of 


the  wind  speed," 

The  rms  amplitude,  td.  , is  related  to  the  tota3.  energy,  U,  by 

a ^ m;  Eq.  a) 

1 

From  observations  of  wave  height  the  constant  in  the  total  energy  equation 
is  determined  by  Neumann,  so  that  both  the  spectrum  and  the  wave  lieights 
of  a fully  developed  sea  are  expressable  as  functions  of  the  vdnd  velocity. 

It  follows  from  the  total  energy  equation  and  v«3  veidfied  exjjerijnentally 
by  observations  of  Neumann  that  the  height  pararsster  is  proportional  to 
the  2,5  power  of  the  wind  speed. 

In  recent  literature  by  Pierson  et  al  (References  7,  8,  6l)  on  wave 
theory  and  analysis  and  forecasting  procedures  the  rms  aunplitude  is 
designated  as y E,  The  v;ave  forecasting  procedures  involve  prediction  of 
a point  on  a "co-curaifLatlve  spectrum"  which  establishes  the  range  of  wave 
periods  and  the  qiiantity,  -Je,  from  the  vdnd  velocity,  fetch,  and  duration 
time.  These  procedures  are  descidbed  fully  in  reference  61,  along  with 
jmjrirical  modifications  which  are  cade  vdien  vdnd  conditions  do  not  genorate 
a fully  developed  sea. 

That  there  is  not  full  agreement  on  the  forecasting  of  vravs  spectra  is 
evidenced  by  the  fact  that  Darbyshire  (Reference  27)  proposes  a sharply 
peaked  spectrum  composed  of  two  intersecting  curves  with  the  total  energy 
proportional,  to  only  the  third  power  of  the  wind  speed,  as  opposed  to  the 
fifth  povrer  due  to  Nevaann,  Darbyshire's  results  agree  vdth  Neumann  in 
that  the  period  of  the  maximum  amplitude  is  a constant  times  the  vdnd 
speed  for  a fully  developed  sea 
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Eq»  (5) 
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where  T^is  the  period  of  the  highest  waves  in  seconds,  U is  the  gradient 
wind  in  knots,  and  % is  the  fetch  lengt.h  in  nautical  miles,  so  that  the 
exponential  term  is  neglible  when  x;>l(X)  N.  miles « 

Autocorrelation 

A third  type  of  presenta.tion,  the  autocorrelation  function  of  a wave 
record,  deserves  mentioning  althou^i  it  has  not  been  vddely  used.  One 
may  argue  that  the  s irae  infomation  is  available  through  the  more  easiD.y 
obtained  spectinan.  On  the  ether  hand,  some  physical  properties  of  the 
record  may  be  more  readily  recognized  from  the  autocorrelation  function 
(Ttikey,  Reference  65).  In  particular,  the  repeatability  or  forecastabillty 
can  be  measured  by  the  autocorrelation  function.  This  application  is 
discussed  by  Seiwell  (Refei-ence  40)  who  considers  that  the  fluctuations 
of  the  ocean  surface  nay  often  be  represented  as  having  two  general  parts, 
(1)  one  or  more  cyclic  components  related  to  swell  from  distant  storms 
and  (2)  an  autoregressive  component,  due  to  the  action  of  local  winds. 

Slope  of  the  fea  Surface 

^ using  photograjAs  of  the  sun's  glitter  on  the  sea  surface  Cox 
and  Munk  (References  25,  26)  have  determined  that  the  rms  slope  is  linearly 
related  to  the  wind  speed.  The  maximum  rms  slope  found  over  the  range  of 
wind  speeds  encoiwtered  (up  to  30  knots)  was  about  15°.  The  slopes  appear 
normally  distributed  crossvd.nd  with  a slight  skewness  appearing  in  the 
distribution  parillel  to  the  vdnd,  the  greater  slopes  being  more  frequent 
on  the  downwind  side  of  the  waves.  It  can  bo  inferred  from  the  Neumann 
spectrum  that  the  period  of  these  vraves  is  about  2 to  3 seconds.  However, 
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this  should  be  considered  ivith  caution  unt:.3  further  evidence  is  obtained, 
because  it  is  suspected  that  the  Keuaaim  spectrum  is  deficient  in  the  hj.gh 
frequency  region,  particularly,  the  regio.i  of  low  frequency  capillaiy 
waves.  Research  anticipated  by  Cox  and  Miuik  on  the  curvature  of  the  vreyes 
vjill  assist  in  ansv.ering  this  question. 

DEFICI.‘•:^;CIE3 

Three  deficiencies  in  the  knov/ledge  of  ocean  waves  which  are  yet  to 
be  overcome,  are  redeiving  increaseei  attention  of  investigators,  the 
directional  properties,  empirical  data  from  generating  areas,  and  theory 
of  generation  of  waves. 

Directional  Properties 

V/ith  the  exception  of  one  recent  unpublished  set  of  obser'/' ' iors  ‘.'-I 
excluding  the  slope  investigations  wiich  pertain  to  short  periods,  all 
records  of  ocean  waves  or  swell  have  been  mdo  with  a recorder  at  a sin^e 
point  versus  time,  or  along  a line  as  with  a radio  altimeter  recording  from 
aircraft.  Thus,  the  directional  properties  of  the  various  components  of 
the  waves  are  not  considered,  \side  from  the  "beam,  width"  of  sea  from  a 
given  storm,  the  directional  pronert.ies  of  waves  at  a point  arriving  from 
two  or  rroro  distinct  generating  areas  may  be  an  important  factor  in  under- 
viator  acoustic  scattering  and  reflecting  properties  of  the  sea  surface. 
Kmpeiacal  data 

Good  observational  data  on  the  height  distribution  and  spectiojm  of 
ocean  waves  in  the  generating  areas  are  still  lacking,  especially  for 
hi^er  v/ind  speeds.  These  are  required  to  verify  the  theoretical 
spectra  and  establish  the  constants  in  them.  The  need  for  these  is 
apparent  when  one  considers  that  operationally  tho  sea  surface  character 
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such  as  nietuorolojical 


must  be  established  from  readily  available  parameters, 
charts  and  weather  observations,  as  opposed  to  the  difficult  observation 
and  lengthy  analysis  of  direct  wave  measurements » 

Theory  on  the  Generation  of  Waves 

There  remains  the  need  for  a theory  relat.ing  the  physical  forces 
generating  the  waves  to  the  observable  physical  properties  (Eckart, 

Reference  l).  The  internretatior.  of  dependent  or  related  events,  such  as 
scattering  from  the  surface,  may  lie  in  a full  understanding  of  the  basic 
phenomenon. 

ORGAMIZATIOM  OF  BIE.IOGRvPHY 

The  bibliography  wi:ich  follows  has  been  divided  into  several  sections 
according  to  subject  raaieriaio 

lo  General  Theory.  Papers  on  the  solution  of  v.':ive  equations  under  differing 
bo\indary  conditions,  t eory  of  generation,  theoretical  distributions  and 
spectra. 

II.  Observ'ational  Data  and  Analysis. 

A.  Simplified  Parameters:  Dat.-'  which  are  presented  in  the  form  of 

average  or  significant  heights  and  periods,  as  opposed  to 
distributional, 

B.  Distributions:  Frequency  distributions  of  wave  heights,  periods, 

and  slopes,  for  ''individual  waves"  within  a given  obsorv  tional 
or  sampling  period. 

C.  Spectra  and  Autocorrelation:  V/ave  spectra,  and  autocorrelations 

for  a given  wave  record. 

D.  Stereophotogrammetiy:  Contour  charts  of  the  sea  surface  from 

stereophotos. 
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III.  Ocean  Waves  and  Underwater  Acoustics 

A.  Observations:  Obsei^ed  phenomena  in  undervriter  acoustics  related 

to  sea  state,  correlation  between  propagation  and  sea  states, 
reflection  cot^ficients. 

B.  Theoretical  and  experimental;  Theories  and  laboratory  experiments 

relating  xanderwater  acoustic  scattering  or  reflection  to  sea 
state. 

IV«  M-iscellaneotis;  Suiranaries  of  wave  research,  model  studies  of  waves, 
analytical  procedures,  recording  and  analysis  systems,  wave  forecasting 
procedxires. 

Not  all  prapers,  of  course,  are  limited  to  a single  subject.  It  is 
attempted  to  show  those  papers  which  contain  a significant  amount  of 
information  in  moi'e  than  one  subject  by  listing  them  under  the  primary 
subject  and  making  a notation  under  the  secondary  subject. 

ACIWO’d-WDGiTIEKT' 

Appreciation  is  expressed  to  Drs.  R.  S.  Arthur  and  W.  H.  Munk, 

Scrinps  Institution  of  Oceanogi’uphy  for  reading  the  sumnary.  The  author, 
ho'wever,  must  assume  full  responsibility  for  the  choice  of  material  to 
be  includ<-'d  and  to  be  ojnittedo 


13 


Bia,IOGR<\PHY 


I.  Gf':NEnAL  THEX)RY; 

1.  Eckart,  Co  "Generation  of  V.ind  '..'aves  on  a K'ator  Sui'face,"  Jour,  of 

App.  Physics,  Vol.  2ly,  No.  12,  pp.  1485,  t)ec.  1953 « 

2.  Fuchs,  R.  A,  "On  the  Theory  of  Short -crested  Oscillatory  '..aves," 

Univ.  of  C.'ilif . ; Fluid  Mech.  Lab.^Tech.  Kept.  No.  HE‘-ll6-326, 

Jun.  I95I0 

3.  Great  Britain  "Reflections  from  Surfaces,"  Gt.  Brit.jsAdia.  Sig.  Estab. 

Ext., Ref.  XRDA6/5,  9 Nov  1946, 

4.  Kreisel,  G,  "Surface  V.aves,"  Gt,  Brito,Adin.  S.R.Eo,Repts  SREA'^Jiv«/l,II»III, 

n.do 

5.  Longuet -Higgins , M.  S.  "On  the  Statistical  Distribution  of  the  Heights 

of  Sea  V.'aves,"  Jo\ir.  of  Mar.  Res.,  Vol.  11,  No,  3,  pp.  245-266, 

1952. 

6.  Neumann,  G.  "On  Ocean  V/ave  Spectra  and  A New  Method  of  Forecasting 

Wind  Generated  Sea,"  War  Dept.,  Beach  Erosion  Board,Tech,  Memo, 

No.  43,  Dec.  1953. 

7.  Pierson,  W.  J.,  Jr.  "Unified  mathematical  Tlieory  for  the  Analysis, 

Propagation  and  Refraction  of  Storm  Generated  Ocean  Surface  Waves," 

Now  York  Univ., Meteorology  Dept.,  Pt.  I,  1 Mar  1952. 

8.  Pierson,  W.  J.,  Jr,  "Unified  Mathematical  Theory  for  the  Analysis, 

"Topagation  and  Refraction  of  Storm  Generated  Ocean  Surface  laves," 

New  York  Univ., Meteorology  Dept.,Pt,  IT,  1 Jiil  1952. 

9.  Sverdrup,  H.  U.  and  Munk,  W.  H.  "Wind,  Sea,  and  Swell:  Theory  of 

Relations  for  Forecasting,"  U.  S.  Navy  Hydrographic  Office, 

H.O.  Publication  No.  601,  March  1947. 


10.  Swanii,  W.  R.  and  Barber,  N,  F.  "The  Frequency  Distribution  of  Wave 

Heights,"  Or.  Brit.,idjn.  Min.  Est.j A .M.E.  InforTnal  Rept.  1483/50, 

7 Mar  1950. 

11.  War  Dept.,  Beach  Erosion  Doard  "Summary  of  the  Theory  of  Oscillatory 

'Waves,"  Tech.  Rept.  No.  2,  1942. 

12.  Willis,  H.  "Reflection  and  Scattering  of  Soiind,"  Gr.  Brit.  A/S  Kxper. 

Ilstab.,  Fairlie,  Internal  Ftept.  No,  50,  20  Dec  1941.  Confidential 
See  £lLso  reference  27 
II.  OBSERVATIONAL  DATA  AND  ANAI.YSIS; 

A , Simplified  Parameters; 

13.  Folsom,  R.  G.  "Sub-surface  Pressures  due  to  Oscillatory  Waves,"  Trans, 

A.G.U,,  Vole  28,  No.  6,  pp.  875-881.,  Dec.  1947. 

14.  Hermanson,  R.  T.  and  Stump,  R,  "Comparison  of  forecast  and  Observed 

Waves  from  Two  Pacific  Storms,"  Univ.  of  Calif.,  Fl.uid  Mech.  Lab., 
Tech,  Rept.  No.  HS-n6-124  , 26  Jed  1945- 

15.  Johnson,  J.  W,  "Relationships  between  V/ind  and  Waves,  Abbotts  Lagoon, 

Calif o,rr.i3,"  Trans.  A.G.U. , Vol.  31,  No.  3,  po.  386-392,  Jun  1950. 

16.  Johnson,  J.  W.  .-wd  Rice,  E,  K.  "An  Experimental  Investigation  of  Wind  - 

Generated  Waves,"  Univ.  of  Calif.,  Fluid  Mech.  Lab.^Tech.  Rept. 

No.  HE-11 6-321,  Vol.  33,  No.  6,  pp.  845-854. 

17.  Putz,  R,  R.  "Idealized  Reconstructions  Ocean  Surface  Waves  as  Inferred 

from  Measurements  of  25  Sub-surface  Pressure  P.ecords,"  Univ.  of 
Calif.,  Fluid  Mech.  Lab..  Tech.  Rapt.  No.  HE. 116-317,  12  Sep  1950, 

18.  Putz,  R.  R.  "Joint  Variation  of  Wave  Haight  and  Wave  Pariod  for  Ocean 

Swell,"  Univ.  of  Calif j Inst,  of  Engr.  Res.,  Ser.  3,  No.  328, 

Oct.  1951, 


•L 


19.  Seiwell,  H.  R.  "Investigation  of  Underwater  Pressure  Records  and  Simul- 

taneous Sea  Surface  Patterns/'  Trans., A.G.U. , Vol.  28,  Ko,  5* 
pp.  722-724,  Oct.  1947. 

20.  Seiwell,  H,  R.  "Bvaluation  of  Sea  Surface  Rou^ness  from  Underwater- 

pressure  Recordings,"  Trans., A.G.U. , Vol.  29,  No.  2,  pn.  197-201, 

Apr.  1948. 

21.  Seiwell,  H.  R.  "Sea  Surface  Roughness  Measurements  in  Theory  and 

Practice  in  Ocean  Surface  Waves."  Annals,  N,  Y,  Acad.  Sci., 

Vol.  51,  No.  3,  pp.  483-501,  13  May  1949- 

22.  Stump,  R.  "Daily  Record  of  Deep  Water  V/ave  Conditions,  Monterey  Bay, 

Aug.  19W->dul,  1945,"  Univ.  of  Calif.,  Fluid  Mech.  Lab., Tech. 

Ropt,  No.  HE-116-206,  22  Apr  1946, 

23.  Wiegel,  R.  L.  "AnaJ.ysis  of  Data  from  Wave  Recorders  on  the  Pacific 

Coast  of  the  United  States,"  Univ.  of  Calif.,  Fluid  Mech.  Lab., 

Tech.  Kept.  No.  HS-il6-289,  2 Jan  1949,  also:  Trans.,A.G.U., 

Vol.  30,  No.  5,  Oct.  1949. 

24.  '..'iegel,  R.  L.  and  Kimberley,  H.  L.  "Southern  Swell  Observed  at 

Oceanside,  California,"  Trans., A.G.U. , Vol.  31,  No.  5,  pp.  717-721, 
Oct.  1950. 

8.  Distributional: 

25.  Cox,  Charles  and  Murk,  ’..’alter  "The ‘^'kjasurement  of  the  Roughness  of 

the  Sea  Surface  from  Photographs  of  the  Sun's  Glitter;  Part  I: 

The  Method,"  S.I.0.,Ref.  No.  52-61,  24  Nov  1952. 

26.  Cox,  Charles  and  I'hinlc,  Walter  "The  Measurement  of  the  Roughness  of  the 

Sea  Surface  from  Photographs  of  the  Sun*3  Glitterj  Part  Il>  Results," 
S.I.O,  Ref,  No.  53-53,  28  Aug  1953. 


27.  Darbyshire,  J.  "The  Ger.eration  of  Waves  bj'  Wird,"  Pix>c.;  Royal  Soc. 

of  London,  (A)  215,  pp.  299-328,  Dec.  1952. 

28.  Neumann,  G.  "On  Wind  Generated  Ocean  Waves  vidth  Special  Reference  to 

the  Problem  of  IVave  Forecasting,"  New  York  Univ.,  lieteorology  Dept., 
134  p.,  1 Kay  1952. 

29.  Putz,  R.  R.  "Wave-height  Variability;  Prediction  of  Distribution  Function, 

Univ,  of  Calif.;  Fluid  Mech.  Lab.,  Tech.  Kept.  No.  HE-116-318, 

Dec,  1950. 

30.  Putz,  R,  R,  "Heights  and  Periods  of  Successive  Waves  for  Ocean  Swell," 

Univ,  of  Calif.,  Ipst,  of  Engn.  Res.,  Ser.  3,  No.  330,  Oct.  1951. 

31  o Putz,  R.  R.  "Wave  Period  Variability;  Prediction  of  Distribution 
Function,"  Univ.  of  Calif.;  Fluid  Mech.  Lab.,  Tech.  Rept. 

HE-116-325,  Jun.  1951. 

32.  Putz,  R„  R.  "Statistical  Distributions  for  Ocean  Waves,"  Trans.,  A.G.U.,  / 

Vol,  33,  No.  5,  pp.  685-692,  Oct.  1952. 

33.  Putz,  R.  R,  "Ocean-wave  Recoi*d  and  Analysis  - Ordinate  Distribution  and 

Wave  Heights,"  Univ.  of  Calif.,  Inst,  of  Engn.  Res.,  Ser,  3, 

No,  351,  May  1953, 

See  also  references  19  and  36. 

C.  Spectral  and  Autocorrelative; 

34.  Rarber,  N.  F.  and  Ursell,  F.  "The  Generation  and  Propagation  of  Ocean 

V/aves  and  Swell,  I.  Periods  and  Velocities,"  Philos.  Trans, 

Ser.  A,  No.  240,  pp.  527-560,  24  Fob  1948. 

35.  Bowden,  K.  F.  "Some  Observations  of  Waves  and  Other  Fluctuations  in  a 

Tidal  Current,"  Proc.,  Roy.  Soc.  of  London,  Ser.  A,  Vol,  192, 
pp.  403-4  ‘5,  1948. 


'7 


36,  Darl?yshi.re,  J.  and  Hubbard,  C.  M.  "Investigation  into  the  Generation 

of  Waves  in  Loufii  Neagh,"  Ct.  Brit.,  Adjn.  Res.  Lab,,  Rept.  No, 
ARL/mA03.UA,  5 p.,  27  Jul  1950, 

37,  Donn,  W.  L,  "Studies  of  V.'aves  and  Swell  in  the  ivestem  North  Atlantic," 

Trans.,A.G.U.,  Vol.  30,  No,  4,  pp.  507-515,  Aug.  1949. 

38.  Pierson,  V/.  J.,  Jr,  and  Marks,  W.  "The  Power  Spectrum  Analysis  of 

Ocean-Wave  Records,"  Trans ,,  A.G.U. , Vol.  33,  No,  6,  po.  634-844, 

Dec,  1952. 

39.  Rudnick,  Philip  "Coirrelograms  for  Pacific  Ocean  V.'aves,"  Proc.  of  the 

Second  Berkeley  Symposium  on  Mathmetical  Stat.  and  Prob,,  Univ, 
of  Calif,  Press,  1951. 

40,  Seivrell,  H,  R.  "Principles  of  Time  Series  Analysis  Applied  to  Oceai 

Wave  Data,"  Proc.,  h'ut,  Acad,  of  Sciences,  Vol.  35,  No.  9, 
pn.  518-528,  Sept  1949. 

41.  Seiwell,  H,  R.  and  Wodsworth,  G.  P,  "A  New  D>'  velopment  in  Ocean  Wave 

Research,"  Science,  Vol.  109,  No.  2829,  pp.  271-274,  18  Mar  1949, 

See  also  reference  27. 

D,  Stereophoto  granmietry; 

42,  Schumacher,  Arnold  "Ozeanograp^iische  sonderuntersuchungen  Stereofiioto- 

grammetrische  welleneufnahmen,"  Meteor  Sxped.,  "Wissenschaft- 

liche  lirgebnisse" , v 7;  2:1  and  Atlas,  30  plates,  1939. 

43.  V.’einblum,  G.  and  Block,  W.  "Stereophotogrannietric  Wave  Photographs," 

(Jahrbuch  der  Seh if f bautechnischen  Gesellschaft),  DTMB  Translation 
#204,  Nov.  1949. 


III.  QCliy'W  WAVI'5  A^D  ACJU.'iTICS: 


1 

t 

I 

[ 

I 

! 


A.  Qbservationa! 

Uh.  OuVall,  G.  S,  '‘Echoes  from  Swells,"  UCDV.'R  Irt.  Rept.  No,  A43, 

27  Oct  1944. 

45.  Raitt,  R.  W.  "Reflection  Coefficients  of  Sxirface  and  Bottom," 

UCDUR  Int,  Kept.  No.  A3,  22  Kay  1944-  Confidential. 

460  Schafer,  Tillman  H.  "Some  Measurements  of  Reverberation  and  Noise 
in  a Very  Rou^  Sea,"  UCDV.'R  Memo  for  File  01,40  , 26  Jun  1945. 
Confidential , 

47.  Schiff,  L.  I.  "Scattering  of  Sound  by  the  Surface  of  ttie  Sea," 

UCDVv'R  Rept,  No.  M217,  1 p. , 15  May  1944. 

48.  Sheehy,  M.  J.  "Correlation  of  Simultaneous  Transmission  in  Deep 

VJater  at  Different  Freouencies,"  UCDV.'R  Int.  Rept,  No,  A44, 

4 p.,  26  Oct  1944, 

49.  Urick,  R.  J.  and  Searfoss,  C.  W "Introductory  Study  of  Sound 

Rerj-ection  at  25  Kc  from  the  Ocean  Surface,"  NRL  Sound  Div., 
Propagation  Sect.  Rept.  No.  4,  Pt.  II,  26  Jun  1946. 

B,  Theoretical  and  Experimental: 

50.  Eckart,  C.  "Sea  Surface  and  its  Effect  on  the  Reflection  of  Sound 

and  Light,"  UCDV.'R  Rept.  No.  K407,  20  Mar  1946. 

51.  Eckart,  C.  "The  Scattering  of  Sound  from  the  Sea  Surface,"  Jour,  of 

the  Acoustical  Soc.  of  America,  Vol.  25,  No,  3,  pp.  566-570, 

May  1953. 

52.  Teasdale,  John  G.  "Optical  Analogue  of  Sonic  Reflection  from  the 

Surface  of  the  Ocean,"  Univ.  of  Calif Div.  DR.,,Rept.  No, 
C4*8r30-210,  21  Apr  1942.  Confidential, 


/; 


1 


1 


1 


J 


IV.  MI^>CELLAN!J)US; 

53.  Arthur,  S.  S,  "Reirlsed  Ivave  Forecastinc  Graphs  ;xnd  Procedure," 

Scrinps  Institution  of  Oceanography,  Wave  Report  Ho.  73, 

March  1948. 

54.  Bretschneidor,  C.  L.  "The  Generation  and  Decay  of  Wind  V.aves  in  Deep 

Water,"  Trana.,  A.G.U.,  Vol.  33,  No.  3,  PP»  381-389,  Jun.  1952. 

55.  Deacon,  G.  E.  R.  "Recent  Studies  of  Waves  and  Swell  in  Ocean  Surface 

Waves , " Anals. , N.  Y.  Acad.  Sc.,  Vol,  51,  Art.  3,  pp-  475-^82, 

1949. 

56.  Spring,  M.  and  Press,  F.  "Notes  on  Surface  Waves  in  Ocean  Surface 

Waves . " Anals,,  N.  Y.  Acad,  Sc.,  Vol.  51,  pp.  453-462,  1949. 

57.  H3'dro&raphic  Office  "Hreakers  and  Surf:  Principles  in  Forecasting," 

U.  S.  Navy,  H.O.  No,  234. 

58.  Kaplan,  K.  "Idealised  Model  Studies  of  the  Motion  of  Surface  Waves," 

Univ.  of  Calif.,  Fluid  Hech.  Lab.,  Tech.  Rept.  No.  HE--116-316, 

Aug.  1950. 

59.  Kaplan,  K.  "Analysis  of  Moving  Fetches  for  ’.'ave  Forecasting,"  Beach 

Erosion  Boari,  Tech.  Memo.  No,  35,  Mar.  1953. 

60.  Lund,  W.  W.  "An  Electronic  Instrument  for  the  Statistical  Analysis  of 

Ocean  Wai^bB,"  Univ,  of  Calif.,  Inst.  of  Engn.  Res.,  Ser,  3,  No.  343, 
Sept.  1952. 

61.  Pierson,  VI.  J.,  Jr.,  Neumann,  G. , and  James,  R.  W.  "Practical  Methods 

for  Observing  and  Forecasting  Ocean  Waves  by  Means  of  l(ave 
Spectra  and  Statistics,"  New  York  Univ.,  Dept,  of  Meteorology 
and  Oceanography,  Tech.  Rapt.  No.  1,  322  p.,  n.d. 


.00 


62.  Rudnlck,  Philip  "A  Gystera  for  3cording  and  Analyzing  Rindom 

Processes,"  S^-Tuposium  on  A plications  of  Autocorrelation  Analysis 
to  Phys.  '^robs.,  W.H.O.I.,  13-14  Jun  1949. 

63.  Snodgrass,  F.  D.  "Ocean  ..ave  oasurements,"  Univ.  of  Calif.,  Inst,  of 

iDngn.  Res.,  Ser,  3,  No.  34*,  Aug.  1952. 

64.  Snodgrass,  F,  D.  and  Stiling,  E £.  "Analysis  of  Wave  Recoi-ds,"  Univ. 

of  Calif. j Fluid  Mocb.  Lab.,  Tech.  Kept.  No.  HE~ll6-307,  Jan  1951> 

65.  Tukey,  J.  W.  "The  Sampling  Theory  of  Power  Spectrum  Sstimates," 

Symposium  on  Appj.ics  of  Autocorr,  Analysis  to  Phys.  F'robs., 
W.H.O.I,  pp.  47-67,  13-14  Jun  1949. 

66.  \,'iogel,  R.  L.  "'..avos.  Tides,  and  Beaches;  Glossary  of  Terms  and  List 

of  Standaixl  Symbols,"  Univ.  of  Calif.,  Inst,  of  Sngn.  Res., 

Ser.  3,  No.  333,  Sept.  1951. 


stereophotogrammetric  Plot 
[from  weinblum  a block,  1949;  reference  43 


CONTOUR  interval  ; 0.5  METER 


0 5 10  l5  20  25  Ti 
15  December  1934  lO  32  orr 


LOCATION:  49°  50' N , 13°  30  ' W 
WIND  SPEED;  TO  30  METERS/SEC 
WAVE  HEIGHT:  13  METERS 
WAVE  length:  .-^  200  METERS 
MAX.  SLOPE  : 0.40 


GRAPH  OF  AS  A FUNCTION  OF  p 

FOR  A NARROW  FREQUENCY  BAND 
(EQUATION  l) 

[from  LON GUET-  HIGGINS,  1952  ; REF.  s] 

G.  2 


